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A METHOD TO PATTERN SMALL FEATURES BY USING A RE-FLOWABLE 

HARD MASK 

FIELD OF THE INVENTION 

The present invention relates generally to fabrication of 
semiconductor devices, and more specifically to methods of patterning small 
features used in the fabrication of semiconductor devices. 
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BACKGROUND OF THE INVENTION 

Current practices for patterning small features typically involve using 
smaller wavelengths of light to pattern photoresist, or using an ashing process to 
reduce the dimensions of photoresist after some larger-dimension features are 
patterned. 

U.S. Patent No. 4,022,932 to Feng describes a resist reflov^ method for 
making submicron patterned resist masks. 

U.S. Patent No. 5,899,746 to Mukai describes a method for making 
small patterns by eroding a photoresist pattem. 

U.S. Patent No. 4,824,747 to Andrev^s describes a method for forming 
a variable width channel. 

U.S. Patent No. 4,449,287 to Maas et al. describes a method of 
providing a narrow groove or slot in a substrate region. 

U.S. Patent No. 4,546,066 to Field et al. describes a method for forming 
narrow images on semiconductor substrates. 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide an 
improved method of patterning small features. 

Another object of the present invention to provide an improved 
method of patterning small features that does not place more stringent 
requirements upon lithography. 

Other objects will appear hereinafter. 



It has now been discovered that the above and other objects of the 

fy 

^ present invention may be accomplished in the following manner. Specifically, a 

p substrate having a dielectric layer formed thereover is provided. A spacing layer is 

^ formed over the dielectric layer. The spacing layer has a thickness equal to the 

thickness of the small feature to be formed. A patterned, re-flowable masking layer 

is formed over the spacing layer. The masking layer having a first opening with a 

O 

m width "L". The patterned, re-flowable masking layer is re-flowed to form a 

patterned, re-flowed masking layer having a re-flowed first opening with a lower 
width "1". The re-flowed first opening lower width "1" being less than the pre-re- 
flowed first opening width "L". The spacing layer is etched down to the dielectric 
layer using the patterned, re-flowed masking layer as a mask to form a second 
opening within the etched spacing layer having a width equal to the re-flowed first 
opening lower width "1". Removing the patterned, re-flowed masking layer. A small 
feature material is formed within the second opening. Any excess small feature 
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material above the etched spacing layer is removed. The etched spacing layer is 
removed to form the small feature comprised of the small feature material. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention will be more 
clearly understood from the following description taken in conjunction with the 
accompanying drawings in which like reference numerals designate similar or 
corresponding elements, regions and portions and in which: 

Figs. 1 to 5 schematically illustrate in cross-sectional representation a 
preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Unless otherwise specified, all structures, layers, etc. may be formed 
or accomplished by conventional methods known in the prior art. 

Initial Structure 

The present invention discloses a method of patterning small features 
through the use of a re-flowable masking layer (16). The example illustrated herein 
describes forming a small gate feature /structure although one skilled in the art 
would recognize that other small features may be fabricated according to the 
teachings of the present invention. 

Fig. 1 illustrates a cross-sectional view of a substrate 10, preferably a 
semiconductor substrate comprised of silicon (Si) or silicon germanium (SiGe) and 
is more preferably comprised of silicon. 

A thin dielectric layer 12 is formed over substrate 10 to a thickness of 
preferably from about 15 to lOOA and more preferably from about 20 to 50A. 
Dielectric layer 12 is preferably a grown or deposited oxide layer. For example, a 
silicon substrate 10 would have a silicon oxide layer 12 formed thereover. 

Spacing layer 14 is formed over dielectric layer 12 to a thickness equal 
to the desired thickness of the final gate (in this illustrated example) to be formed. 
Spacing layer 14 is preferably comprised of silicon nitride (Si3N4) or silicon 
oxynitride (SiON) and is more preferably silicon nitride. 
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Formation of Re-flowable Patterned Masking Layer 16 

As shown in Fig. 1, a patterned, re-flowable masking layer 16 is 
formed over nitride spacing layer 14 to a thickness of preferably from about 400 to 
2000A and more preferably from about 1000 to 1500A. Re-flowable masking layer 
16 is preferably formed of a doped oxide. 

Patterned dope oxide layer 16 has first opening 18 having a width L. 
In forming a gate feature/structure, width "L" may be as narrow as from about 1000 
to I8OOA. In general, it is possible to form a patterned re-flowable masking layer 
with a first opening 18 having a width "L" as narrow as from about 1200 to 1500A. 

Re-flowing Pattemed Masking Layer 16 

As shown in Fig. 3, re-flowable patterned masking layer 16 is 
subjected to a thermal cycle that causes it to re-flow to form re-flowed patterned 
masking layer 16' with a re-flowed first opening 18' having a lower width "1" that is 
significantly less than the initial width "L" before the thermal re-flowing process. In 
forming a gate feature /structure, re-flowed lower width "1" may be a narrow as 
from about 200 to 8OOA, In general, it is possible to form a patterned re-flowed 
masking layer with a re-flowed opening 18 having a lower width "1" as narrow as 
from about 250 to 8OOA. The thermal cycle has a temperature of preferably from 
about 850 to 950°C for preferably from about 900 to 1800 seconds. 
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Etching of Spacing Layer 14 /Formation of Gate Material Layer 24 

As shown in Fig. 4, nitride spacing layer 14 is etched to form second 
opening 20, stopping on the dielectric layer 12, using re-flowed patterned masking 
layer 16' as a mask. Second opening 20 has a width equal to the lower width 'T' of 
re-flowed patterned masking layer 16'. 

Re-flowed patterned masking layer 16' is then removed and any 
residual dielectric layer 12 within second opening 20 is removed and, in forming a 
gate feature/structure, a gate dielectric layer 22 is formed within second opening 
20. 

Gate dielectric layer 22 is preferably grown and /or deposited and is 
preferably formed of silicon oxide nitrided silicon oxide, a silicon oxide /nitride 
stack or a high-k dielectric material such as aluminum oxide and is preferably 
formed of a silicon oxide /nitride stack. Gate dielectric layer 22 has an equivalent 
oxide thickness (EOT) of preferably from about 7 to 20A and more preferably from 
about 10 to 16A. EOT is extracted from electrical measurements followed by 
simulations. The EOT of a Si02/Si3N4 stack will be less than its physical thickness, 
but would be the thickness of its silicon oxide electrical equivalent. 

Gate material layer 24 is then formed over gate dielectric layer 22, 
filling second opening 20. Gate material layer 24 is preferably comprised of 
polysilicon, polysilicon germanium (poly SiGe), titanium, molybdenum, nickel or 
stacks comprised of the above and is more preferably comprised of polysilicon. 
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Formation of Gate Electrode 26 

As shown in Fig. 5, excess gate material layer 24 and gate dielectric 
layer 22 are removed, preferably by planarization and more preferably by chemical 
mechanical polishing, down to spacing layer 14. 

Spacing layer 14 is then removed, preferably by a stripping process, 
leaving gate electrode 26 with gate dielectric layer 22* on its sides and bottom. 

Conventional processing may then proceed. 

Advantages of the Invention 



py The advantages of the present invention include: 

Q 1) reduced lithography requirements; and 

2) reduced etch (line roughness) requirements. 



While particular embodiments of the present invention have been 
illustrated and described, it is not intended to limit the invention, except as defined 
by the following claims. 
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